Abstract. The article expounds the methods of functional analysis and contradiction in TRIZ theory, and based on this, establishes a functional analysis and contradiction solving model, which can guide designers to analyze the contradiction in the problem product from the function of the product, and will solve the contradiction, then achieve the goal of systematically improving existing products. In this paper, the improvement of shaping paper rubber coating device of filter stick forming machine is taken as an example to illustrate the effectiveness and practicability of the model.
Introduction
For products, product innovation can be divided into two categories, incremental innovation for existing product improvements and radical innovation for designing new products [1] . No matter how perfect the product is, there may be problems during use, and innovation can be achieved by solving the problem. In the process of product improvement, the common methods are trial and brainstorming, etc., often judged according to their own experience, and it is difficult to find the root cause due to the lack of systematic and innovative thinking. This paper combines the modern TRIZ theory to establish a model, which can discover the disadvantages of products and solve the problems. It finds the contradiction behind the function of the shaping paper rubber coating device of the filter stick forming machine, and uses the TRIZ theory contradiction solution to eliminate the contradiction, then achieves the goal of improving existing products quality.
Functional Analysis and Conflict Resolution Model

Model Description
The functional analysis and contradictory solution model is a model for systematic improvement and innovation of existing products. There are five main steps: (1) discovering products that have problems in production practice; (2) using functional analysis to find functional shortcomings; (3) analyzing contradictions in functional shortcomings; (4) analyzing contradictory types, solving contradictions, and creating ideas; (5) comparing and evaluating various ideas to determine solutions. Among them, finding problem product is the object of research, that is, the problem to be solved. Using functional analysis to find functional shortcomings can narrow down a seemingly large and difficult problem to a local defective function. The contradiction in analyzing the functional shortcomings is to find contradictory parts from the local defective function. Analyzing the contradiction type is to judge which kind of contradiction belongs to. Solving the contradiction is to use TRIZ theory to solve the corresponding contradictions. Finally select and determine the solution to achieve the improvement of the problem product. The process is as follows:
Discover problem products → functional analysis → find functional shortcomings → analyze contradictory content → analyze contradictory types → resolve contradictions → program summary, evaluate and select.
Functional Analysis and Definition of Contradictions
Definition of Function and Functional Analysis. There are many kinds of definitions of functions. Some experts think that functions are an abstract description of parameters or state changes when input and output under specific constraints [2] . Some experts think that functions are from the perspective of technology implementation of the system [3] , but the more recognized definition is: function is a component that changes or maintains the behavior of a parameter of another component [4] .
Since products are generally composed of between institutions and institutions interactions, functional analysis is to establish the structural composition of products and the interactions between them.
According to the interaction relationship, the functions can be divided into useful functions, harmful functions, insufficient functions, and excess functions. When improving existing products, if you can reduce excess functions, eliminate harmful functions, and improve the insufficient functions, you can optimize the product structure and improve the problems of backward products. In the process of solving problems, analyzing problems is more important than solving problems. Functional analysis is a tool for analyzing problems, what is more, it is an analysis tool for identifying the functions, features and costs of system and super system components.
Definition of Contradiction. When the design of a component of products changes, it may affect the components associated with it. The result may be that the performance of other aspects of the product or system is negatively affected, so the design is contradictory. Contradiction is a combination, which associated with technical and economic factors between technical characteristics and costs, technical and process factors related to technical complexity and production complexity, functional incompatibility between technical factors, physical factors incompatible with feature states [5] . Altshuller divided the contradictions into the following three categories: management contradictions, technical contradictions, and physical contradictions.
Functional Analysis Methods
The starting point of the functional analysis method is to find the background of the problem, that is, to find the research object that needs to solve the problem.
The steps of functional analysis are: (1) component analysis, (2) interaction analysis, (3) functional modeling, graphical representation of functional models, and list of functional shortcomings.
Among them, the component analysis distinguishes the components of the system and the super system, and lists them in categories;
The interaction analysis is to identify the interaction between the two components, laying the foundation for the later establishment of the functional model;
Establishing functional model is to identify the specific functions between the components, and to evaluate the performance of the functions they perform, and finally form a functional model diagram to find the functional shortcomings and analyze the functional shortcomings.
Solutions to Contradictions
The solutions to contradictions first need to judge the type of contradiction before we can find a corresponding solution.
Judging the Type of Contradiction. First judge whether it is a management contradiction. Because management contradictions are usually used to achieve certain results or avoid certain phenomenon. But at the same time, we do not know how to do. Management contradictions are mainly used in business management, marketing, etc. in the business field, rather than engineering, so we can judge its type from the narrative of the problem.
Secondly, if it is determined that it is a contradiction in the engineering field, we can judge whether it is a physical contradiction or a technical contradiction. Physical contradiction is a contradiction of a single parameter, and the same parameter has the opposite and reasonable need. The technical contradiction is that there are mutual constraints between the two parameters in the technical system. When one parameter of the technical system is raised, it will result in the deterioration of the other parameter [6] .
Solution. On the basis of the type of contradiction that has been determined, if it is a technical contradiction, the contradiction matrix is used to find the corresponding invention principle by describing the engineering parameters that are improved and deteriorated;
If it is a physical contradiction, there are three ways to try: (1) the separation principle (including 5 separation methods) [7] , (2) to meet the contradictory needs, and (3) to bypass the contradictory needs. The order of precedence is to prioritize the principle of separation, then to meet the needs of contradictions, and finally to bypass the contradictory needs.
According to the invention principle given by technical contradiction and physical contradiction, if we think and analogy one by one, we can inspire many methods to solve the problem, then judge and screen. If the actual situation can be combined with the improvement of existing products, it is a successful case.
Project Examples Problem Background
The filter stick for cigarettes is the main material for cigarettes ' production, its quality has a great influence on the quality of cigarettes [8] . Therefore, understanding of the output and efficiency of the filter rod can not only know the output of the filter rod forming equipment for cigarettes in real time, but also know the operation of the filter rod forming equipment for cigarettes [9] . In the production process of the filter rod, a filter rod forming machine is needed, and the filter rod forming machine includes a tow conveying device, a forming paper conveying device and a forming paper coating device [10] . The forming paper needs to be coated with glue at the mouth portion of the wrapped tow, and the forming paper coating device is for realizing the equipment for coating the glue on the forming paper. The existing forming paper coating device is in the plastic box. The glue flows out along the glue line by its own gravity and is sprayed onto the forming paper through the glue nozzle, as shown in Figure 1 ,among them,1:gluing case;2:gluey branch road ;3:rubber coating mouth;4:shaping paper;5:wheel. 
Function Analysis
Component Analysis. The component analysis of the forming paper gluing device is shown in Table 1 . Interaction Analysis. The interaction analysis of filter stick forming machine system is shown in Table 2 . Figure 2 . Table 3 . 
List of Function Shortcomings. The list of function shortcomings is shown in
Analysis of Sources of Conflict
To analyze the source of the contradiction is to start with a list of function shortcomings and analyze the contradictions in the shortcomings. From the list of function shortcomings, it can be found that the gluing case and gluey branch road cannot supply the glue that meets the demand, so the breakthrough is the demand. After field inspection, it was found that the demand here is that the glue in the device is sprayed onto the forming paper along the gluey branch road by its own gravity, and its output speed is constant. However, in the production process, it is necessary to provide a corresponding amount of glue according to the moving speed of the forming paper. When the conveying speed of the forming paper is slow, the outflow of the glue is larger than the demand, and the nozzle is likely to be fouled at the outlet of the coating nozzle, which causes nozzle frequently shutdown and affects the production efficiency. At the same time, it will lead to the overflow of the glue at the sizing of the forming paper, which is prone to the phenomenon of pulling the glue, which not only causes the quality of the filter stick to become low, but also needs to be shut down for cleaning when it is serious. In addition, in the production of high-breathing filter stick, a large amount of glue is applied to the high-breathing forming paper, and the phenomenon of bleeding is also caused, which not only affects the quality of the product, but also requires frequently shutdown for cleaning. When the conveying speed of the forming paper is fast, the outflow of the glue is less than the demand, which may cause the adhesive force to decrease, causing the filter stick to blast and the product to be scrapped. Therefore, according to the shortcomings of the function, the source of the contradiction can be found.
Conflict Resolution
Analysis of Contradictions. From the analysis of the contradictory sources, it can be concluded that the contradiction that needs to be solved is that the flow rate of the glue needs to be slow, because it is necessary to prevent the glue from accumulating and the movement of the forming paper. However, the flow rate of the glue needs to be fast because we need high production efficiency. Therefore, according to the contradictory content, the type of this contradiction is physical contradiction.
Resolving Conflicts. Since it is physical contradiction, first consider five separation methods: based on spatial separation, based on time separation, based on relationship separation, based on direction separation, based on system level separation.
Based on spatial separation, the two opposite requirements of physical contradiction are in different locations of the engineering system, which can make the different locations of the engineering system have specific characteristics to meet the corresponding requirements. If the required glue flow rate is large and small, different locations of the engineering system can provide different amounts of glue according to different needs, which can meet the demand, so it is possible to find a suitable solution by the invention principle.
Separation based on relationships is aimed at the opposite requirements of physical contradictions for objects of different super systems, allowing the engineering system to have specific characteristics for different objects to meet the corresponding requirements. This problem is aimed at the same object, that is, forming paper, so this method is not feasible.
The separation based on directions is aimed at the opposite requirement of physical contradiction in different directions, so that the engineering system can have different characteristics in different directions to meet the corresponding requirements. The movement of the forming paper in the machine has been controlled by the program to be unidirectional, so this method is not feasible.
System-level separation is based on the need for system-level separation principles if contradictory requirements have opposite requirements at the subsystem or super system level. Since the glue flow needs to be large and small as a whole, the demand can be satisfied separately, it is possible to find a solution by the inventive principle.
Time-based separation is aimed at the opposite needs of physical contradictions in different time periods, allowing the engineering system to have specific characteristics at different time periods to meet the corresponding requirements. The core of this problem is to control the flowing rate of the glue. When the conveying speed of the forming paper is large, the flowing rate of the glue needs to be large, and when the conveying speed of the forming paper is small, the flowing rate of the glue needs to be small. Therefore, this situation is consistent with the conditions based on time separation, so it is possible to find suitable solutions by the inventive principle.
In summary, after the analysis of the actual situation, it is better to choose the following methods: based on spatial separation, based on system level separation or based on time separation .
Problem Solving
If a system-level separation method is adopted, after screening, the corresponding divisional invention principle can be utilized, and a method of dividing a gluey branch road into separate parts can be used. When the speed of the forming paper is detected to be different, the glue corresponding to the flowing rate is discharged by the different glue line system, then the problem can be solved.
If a method based on spatial separation is adopted, the corresponding partial mass invention principle or nested invention principle can be utilized after screening. If the principle of local mass invention is used, it can apply the glue nozzle by means of different functions of different parts of the object. It can not only take the glue from the glue pipeline, but also the speed of the forming paper can be detected by the sensor on the glue nozzle, so that the glue nozzle determines the amount of glue sprayed. If the nested invention principle is used, a glue line is embedded in a plurality of glue lines by embedding one object into another and then embedding more objects. When it is detected that the speed of the forming paper is different, opening different numbers of glue lines to discharge a corresponding amount of glue can solve the problems.
Due to the use of space-based separation, from the invention principle based on the system-level separation method, we can generate many solutions, so many ideas can be thought out ,which may not only be thought of temporarily. Taking the time separation based method as an example, an in-depth and complete analysis is carried out, and try to solve the problems described above.
The inventive principle that can be tried based on time separation: inventive principle 9: pre-reaction; inventive principle 10: pre-action; inventive principle 11: prior prevention; inventive principle 15: dynamic characteristics; inventive principle 34: abandoned or regenerated. After the screening of invention principles, it was found that the inventive principles 9, 11, 34 cannot be used to solve problems, so the more suitable invention principle 10 and invention principle 15 are selected for application.
The speed sensor for detecting the conveying speed of the forming paper and the dynamic adjusting glue supply device are preliminarily set, and the program written by the controller, we can control the speed of the glue feeding pump according to the conveying speed of the forming paper, thereby controlling the flowing rate of the glue. The glue can be actually output as required to ensure that the glue applied on the forming paper is uniform and appropriate. In addition, if the glue feeding pump or the motor of the second gluey branch road fails, the first gluey branch road can continue to use the gravity for the glue feeding operation, thereby improving the original production efficiency while ensuring the normal operation of the production line. The specific structure is shown in Figure 3 . The mechanism that differs from the original device is: the inlet tee pipe joint 2, the first gluey branch road 3, the valve handle of the switch valve4, the switch valve 5, the outlet tee pipe joint 6, the screw pump 10, the second gluey branch road 11, the protective casing 12. 
Conclusions
Apply TRIZ theory to establish function analysis and contradiction solving model, clarify source of existing product problems, abstract existing products by using function analysis, and analyze the product structure and interaction relationship through function analysis to find out shortcomings of existing functions. Based on the shortcomings of functions, the existing contradictions are summarized, the types of contradictions are judged, the solution is screened. The problems existing in forming machine of filter bar forming machine are successfully solved, the effectiveness and feasibility of the method to solve problems are verified. The combination of function analysis and conflict resolution helps to analyze and solve problems in existing products improvement process, then improving efficiency and quality of product.
